There is accumulating evidence that two aspects of the innate immune response, the respiratory burst and secretion of proteases, are intimately intertwined. A recent study suggests that K + may be the missing link. Is it time to merge signal transduction with biophysics? While the oxidative and proteolytic arms of the microbicidal response have been generally thought to be independent, recent evidence suggests that these pathways may be closely interlocked. Specifically, Reeves et al. However attractive, the model proposed by Reeves et al. [8] is not fully consistent with some crucial observations. Their work relied heavily on the effects of the ionophore valinomycin to implicate K + in the secretory cascade. They found that valinomcyin impaired the digestion of bacteria and prevented the phagosomal swelling observed at later times. They attributed these effects to the ability of the ionophore to dissipate the K + concentration gradient generated by the oxidase. Valinomycin is a conductive ionophore, however, which should have enhanced, rather than counteracted, the electrophoretic accumulation of K + in the phagosomal lumen. Secondly, their microprobe measurements indicate that the phagosomal and cytosolic K + concentrations are similar -314±22 and 290 mMol g -1 , respectively -failing to demonstrate the proposed large increase in ionic strength. In this regard, Reeves et al.
Aborg [11] and championed by Rahamimoff and Fernandez [12] , that secreted materials can be packed at high concentrations within granules without exerting osmotic forces, by binding to a matrix composed of a charged proteoglycan hydrogel. During exocytosis, release of the contents from the matrix, which has the properties of an ion-exchange resin, requires occupancy of the vacated sites by a counterion, in order to maintain electroneutrality. Reeves et al. [8] propose that K + ions in the lumen of the phagosome function as the counterion that enables solubilization of proteases and myeloperoxidase from the primary granule matrix (Figure 2A) . Figure 1A illustrates the mechanism envisaged by Reeves et al. [8] to account for K + accumulation in the phagosome. Briefly, electron transport by the NADPH oxidase renders the lumen of the phagosome electronegative with respect to the cytosol [2,6] ( Figure 1A) . The presence of conductive pathways would thus enable intraphagosomal accumulation of K + against its chemical gradient. Importantly, Reeves et al. [8] argue that concentration of K + well above the cytosolic level occurs and is required for protease liberation. In their model, osmotic swelling -which would result in dilution of K + -is precluded by formation of a tight cytoskeletal mesh around the phagosome, as suggested by the presence of vinculin and paxillin. The model predicts that inhibition of the NADPH oxidase would eliminate the electrical force driving K + ion accumulation, resulting in impaired protease secretion. Accordingly, inhibition of the oxidase using diphenylene iodonium depressed the digestion of bacteria by cellular proteases.
However attractive, the model proposed by Reeves et al. [8] is not fully consistent with some crucial observations. Their work relied heavily on the effects of the ionophore valinomycin to implicate K + in the secretory cascade. They found that valinomcyin impaired the digestion of bacteria and prevented the phagosomal swelling observed at later times. They attributed these effects to the ability of the ionophore to dissipate the K + concentration gradient generated by the oxidase. Valinomycin is a conductive ionophore, however, which should have enhanced, rather than counteracted, the electrophoretic accumulation of K + in the phagosomal lumen. Secondly, their microprobe measurements indicate that the phagosomal and cytosolic K + concentrations are similar -314±22 and 290 mMol g -1 , respectively -failing to demonstrate the proposed large increase in ionic strength. In this regard, Reeves et al. [8] noted also that phagosomes containing non-digestible particles, such as latex beads, failed to swell even after the restraining cytoskeletal mesh dissociates. Because the phagosomal membrane was shown to be readily water-permeable, failure to swell implies that the osmotic content of the phagosomal lumen is not markedly different from that of the cytosol. Figure 1A) .
Regardless of the molecular identity of the conductive channel, the sum of the protons transported into the lumen of the phagosome -or the extracelllar space in the case of stimulation by soluble agonists -is not only required for the maintenance of electroneutrality, but also provides an important substrate for the dismutation and myeloperoxidation reactions ( Figure 1B) . In this manner, proton translocation may contribute to the release of proteases. By providing a parallel conductive pathway, valinomycin is expected to depress the inward flow of protons. This would in turn reduce the conversion of superoxide to relevant products which may be required for protease secretion.
Another possible mode of coupling is illustrated in Figure 2C . As has been suggested for neurosecretory vesicles [12] , it is conceivable that the counterions required to neutralize the charges on the matrix gel 
